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RESEARCH AND DEVELOPMENT IN CANADA 


INTRODUCTION 


Innovation js the foundation for growth, productivity and 
competitiveness in any economy; it is a process that begins with the 
discovery of knowledge and ends with its application (industrial or 
otherwise). This process leads to improved products and production methods 
or to new products and procedures. Research and development (R&D) resour- 
ces are only one element in the process of technological innovation and, 
therefore, represent only a portion of the effort required. However, since 
R&D activities are at the heart of innovation, R&D statistics are used 
widely as indicators of its extent. 

In Canada, governments, industry and universities carry out 
most R&D activities. Universities primarily perform basic research, which 
is aimed at increasing scientific and technical information and discovering 
new applications for current knowledge. Industry is more concerned with 
applied research in order to maintain and increase competitiveness. 
Finally, in addition to conducting research activities in its departments 
and laboratories, the government tries to promote and direct R&D activities 
through various programs and measures. 

It is not always easy to evaluate precisely the financial 
resources mobilized through government efforts to promote innovation. 
Aside from the fact that gaining access to reliable sources is difficult, 
some forms of assistance also indirectly encourage or contribute to 
activities other than innovation. In spite of this, it may be useful, in 
order to put them into perspective, to define the financial aspects of the 
main types of intervention of the past few years involving the transfer or 
allocation of funds for R&D. 
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In order to provide a more detailed evaluation, we will 
distinguish between the government's financial commitment in its “own 
laboratories (intra-mural research) and in other sectors, such as industry 
or universities, carrying out R&D (extra-mural research). Industry and 
university R&D activities will also be evaluated in order to demonstrate 
the effect of government innovation policies. We will then comment on 
federal government intervention. But first, an overview of the research 
and development situation in Canada will illustrate the relative importance 
of the federal government, industry and universities in this field. 


GROSS DOMESTIC EXPENDITURES ON RESEARCH AND DEVELOPMENT 


The total expenditures for R&D in a country in one year 
correspond to the gross domestic expenditures on research and development 
(GERD). The OECD defines GERD as follows: | 


GERD is the total intra-mural expenditures related to 
R&D projects carried out within a country over a given 
period. It includes R&D funded by foreign interests 
and carried out within the particular country, but does 
not include payment for R&D projects carried out 
abroad. GERD is obtained by totalling the intra-mural 
expenditures of all sectors participating in R&D 
activities .(1) 

GERD in Canada in 1988 was estimated at just under $8 bil- 
lion. It has more than doubled in nine years and has an average annual 
growth of approximately 12%. As Graph 1 illustrates, real growth was much 
lower, averaging 6% for the same period. However, this trend has not been 
regular. Growth was strong until 1985 but then shifted downward. Accord- 
ing to preliminary data from Statistics Canada, the GERB increased by 4.4% 


between 1987 and 1988. 


(1) OECD, The Measurement of Scientific and Technical Activities, 1981, 
Dhe25. 
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GRAPH 1 
GROSS DOMESTIC EXPENDITURES 
ON RESEARCH AND DEVELOPMENT IN CANADA 


In billions of dollars 
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Source: See Table A.1 in the Appendix. 


Statistics showing the absolute amounts allocated to R&D 
have the advantage of providing a clear picture of the current situation. 
However, it is also interesting to turn to indicators that put these 
figures into perspective by reflecting the effort made in relation to the 
Size of the national economy. One of the more commonly used indicators is 
the GERD, which is expressed as_a percentage of the gross domestic product 
(GDP). 
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Since 1980, the percentage of the GDP allocated to R&D has 
almost always increased, although it has declined slightly since 1986 (see 
Table 1). The increase, before 1986 that is, may be interpreted as a 
genuine effort to promote R&D, given the economic growth (the GDP price 
index, set at 100 in 1981, has risen steadily and reached 131 in 1987). 

Another indicator, the GERD ratio to the gross fixed capital 
formation (GFCF), gives us an idea of the degree of R&D investment compared 
to traditional investment (equipment, machinery and construction). Even 
though this ratio rose steadily between 1979 and 1985, it must be 
interpreted in light of the trends indicated by other statistics. 


TABLE 1 


RESEARCH AND DEVELOPMENT EFFORT 


GERD _GFCF GDP GERD/GDP GFCF/GDP GERD GFCF GERD/GFCF 


(billions of Ratio Ratio (billions of Ratio 
current dollars) (%) | i) 1981 dollars) Ge 
1979 2.9 63.4 276.1 1.06 23.0 3.6 falas 4.6 
1980 583.5 72.3 309.9 | Resa (hes) 3.9 80.1 4.8 
1981 4.3 86.1 356.0 leee 24.2 4.3 86.1 5.0) 
1982 5.1 81.3 374.4 1.36 rAd 4.7 74.8 O25 
1983 5.4 81.2 405.7 1233 20.0 4.7 Elec 6.7 
1984 6.1 84.7 445.6 SY 19.0 522 (eee 7.2 
1985 6.8 94.2 479.4 1.42 19.7 5-0 77.4 ie 
1986 7.2 10) 3m oU9.o 1.41 19.9 267) 80.8 dae 
1997 ee 0 114.4 553.9 is sks} 20.7 5.0 Sf .3 6.6 
19881 7.9 - - - - 5.9 - - 


1, Preliminary Data 


Source: Statistics Canada 


According to Table 1, approximately 21% of the GDP consisted 
of traditional investments in 1987, compared to 24% in 1981. This decrease 
can, in part, be attributed to the GDP's accelerated growth. Between 1981 
and 1984, with the recession at the start of this period taken into 
account, the percentage of the GDP allotted to traditional investments 
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dropped. It recovered somewhat, but by 1986 it still had not reached its 
1981 level, which could mean that the equipment used by Canadian industries 
has become worn and is not being replaced with the latest technology. 

The GERD is usually given for two sectors - funding and 
execution - so that the structure and organization of R&D activities as 
well as the circulation of funds between sectors are better understood. 
Since the early 1980s, there has been general growth in Canada, and this 
has benefited all economic sectors except higher education, which has 
benefited less and as a result has seen its share of total R&D expenditures 
drop slightly but steadily. This decrease in the influence of university 
research is observed in both the execution and the funding sectors. 


TABLE 2 


GERD BY SOURCE OF FUNDING AND EXECUTION SECTOR (in 2) 


Sector 1971-75 1976-80 1981-85 1986-88 
Funding 
Federal government 43 i) 36 of 
Industrial sector 29 34 40 42 
Universities 15 15 10 10 
Execution 
Federal government 29 Z5 rays 18 
Industrial sector 35 40 49 54 
Universities 31 30 24 23 


er SS SC SSS SSB SS SS RS SS SS ES 


Source: Statistics Canada 


The change in the funding of R&D activities by the federal 
government and industry is the most striking feature of the past two 
decades (see Table 2). These two funding sources still provide most of the 
resources in the GERD, but, since 1980, industry has replaced the federal 
government as the main source of funds. The figures on execution by the 
federal government are down as well. 
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FEDERAL RESEARCH AND DEVELOPMENT 


According to preliminary data from Statistics Canada, the 
federal government will have spent $2.7 billion on R&D activities in 
1988-89, 4% more than the year before. Even though federal R&D expendi- 
tures have clearly increased over the past eight years, the increase is not 
as large when inflation is taken into account. The budget cuts that began 
in 1984 have reduced federal R&D expenditures. The consistently smaller 
increases, evident since 1986, can be explained in part by the new federal 
fiscal plan set forth on 26 February 1986, which projected a slower rate of 
growth in spending in all areas (see Table A.3 in the Appendix). 

The amount that the federal government budgeted for R&D 
activities (see Graph 2) was greater in 1987-88 (2.1%) than seven years 
earlier (1.9%). According to these figures, the government has given R&D a 
relatively important position given that, until 1985, expenditures in this 
area were increasing more rapidly than in other areas. Recently, however, 
increases in R&D expenditures have been smaller than increases in total 
government spending. According to Table A.3 in the Appendix, R&D funds are 
distributed among a small number of departments. In fact, Agriculture 
Canada and the National Research Council together fund over half of all R&D 
activities. 

Natural sciences and engineering activities receive the 
largest share of federal government funding (95% in 1988-89). The 
government places a particular emphasis on industry support, advancement of 
science, agriculture and defence (see Appendix, Table A.4). 

Industry support is expected to rank first in 1988-89 with 
approximately 20% of all public funding for R&D activities. One of the 
main reasons for giving industrial programs such priority is the 1987 
policy change towards favouring industry. This priority also reflects the 
move to integrate sciences with technology and industry, which was achieved 
in 1989 with the creation of Industry, Science and Technology Canada. 

For the first time since the early 1980s, the advancement of 
Science (basic research), was the second most important R&D policy goal in 
1988-89. It is expected it will have received 15% of public R&D funding, 
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approximately the same percentage as in previous years. Agriculture is 
expected to have received 12% of public funding, the same amount as in 
1987. The amount allocated to defence generally increases from year to 
year. It therefore appears that federal R&D policy increasingly favours 
socio-economic objectives rather than general, non-specific work. In the 
area of R&D in energy, there was an overall decline; expenditures are 
expected to have decreased noticeably in 1988-89, representing only 7% of 
all federal R&D spending. 

The federal government allocates some of its R&D funds to 
work carried out in its own scientific institutions (intra-mural 
research). The distribution of these funds is shown in the Appendix, 
Table A.5. The government will have carried out 48% of the R&D work that 
it funded in 1988-89, down from 54% in 1987-88 and 56% in 1980-81. Thus, 
the federal government is allocating more and more R&D funds to non- 
governmental organizations (extra-mural research), especially to industry. 

There iS some opposition to this. The Professional 
Institute of the Public Service of Canada has expressed reservations about 
the increasing amount of attention paid to industrial R&D. In a 1988 
report, PIPS pointed out that real funding for federal laboratories has 
decreased continuously over the last decade and that: 

a large percentage of internal government expenditures 
goes towards the salaries and benefits of the research 
staff, with the balance covering basic research needs. 


For example, the budget for some agricultural research 
stations is less than $1,000 for each scientist's 


research costs for the entire year! These funds 
clearly cannot maintain specialized research 
facilities .(2) 


It is difficult to determine the most effective distribution 
of funds for intra-mural and extra-mural research. Nevertheless, the 
government is still concerned with the private sector's weak showing in 
research, as is clearly reflected by the objective of its 1980s innovation 
policy. 


(2) Professional Institute of the Public Service of Canada, The Essential 
Role of Federal Scientists and Engineers: Their Role in the National 
conomy , aD oat 
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As in the past, universities and industry are expected to 
have received most of the extra-mural funding in 1988-89, at 45% and 46% 
respectively. However, since the early 1980s, there has been a marked 
redirection of federal R&D extra-mural funds to industry. In 1980-81, 36% 
was allocated to industry, while 47% was allocated to higher education. 

Although the quality of federal intra-mural research is 
recognized, two problems reduce the benefits to industrial development. 
First, it is asked whether federal intra-mural R&D meets the needs of 
industry. Second, according to Boismenu and Ducatenzeiler,(3) research 
results are not always disseminated adequately between the two sectors. 


FEDERAL SPENDING IN INDUSTRY 


In 1988-89, the federal government is expected to have 
increased by 30% the amount given to commercial enterprises, to a total of 
$621.8 million (Table A.6 in Appendix). This amount has doubled between 
1982-83 and 1987-88, with real growth of 26%. The Department of Regional 
Industrial Expansion is the biggest source of industrial R&D funds (41%) 
with the Department of National Defence and the National Research Council 
placing second (18% each). 

The federal government funds R&D activities in the 
industrial sector in three ways: grants and contributions, contracts, and 


tax measures (see Table 3). 


(3) G. Boismenu and G. Ducatenzeiler, Les subventions fédérales 4 


l'innovation industrielle, GRETSE, Montreal, 1986, p. 22-23. 
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TABLE 3 


FEDERAL R&D EXPENDITURES IN THE INDUSTRIAL SECTOR 
BY TYPE OF PAYMENT 
(in millions of dollars) 


1982-83 1983-84 1984-85 1985-86 1986-87 1987-88! 1988-891 


Grants 168.4 220.9 251.6 280.2 280.5 260.1 388.8 
Contracts 151.0 158.9 170.1 187.6 199.3 220.2 233.0 
TOTAL - 319.4 379.8 421.7 467.8 479.8 480.3 621.8 


1, Preliminary Data 


Source: Statistics Canada 


A grant is an unconditional payment that the government 
makes to a recipient who meets certain eligibility requirements but who 
does not necessarily have to respond with direct services. It has the 
economic advantage of encouraging the company to increase its _ own 
investment activity. According to a study by A. Tarasofsky,(4) it seems 
that federal grants tend, on average, either to encourage increased 
spending by the recipient firm or leave it unchanged. 

Contracts encourage Canadian industry to participate in 
federal programs. Under contract agreements, the government determines the 
nature and general objective of the R&D activity to be carried out. 
Contracting out to the private sector enables the government to meet its 
equipment needs. The federal government's public contracting policy, which 
is first and foremost a purchasing policy, enables the various departments 
to be supplied by industries with leading-edge equipment and therefore 
promotes technological innovation. . 


(4) A. Tarasofsky, The Subsidization of Innovation Projects by the 
Government of Canada, Economic Council of Canada, 1984, p. 14. 
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In short, direct assistance such as grants and, to a lesser 
extent, contracts leaves the technological development initiative to 
business. However, payments for R&D programs seem to be concentrated in 
certain industries. Table A.7 in the Appendix illustrates that the federal 
government mainly gives support to the following sectors: aircraft and 
parts ($125 million), other electronic equipment ($63 million) and 
engineering and scientific firms ($60 million). 

The federal government also offers measures to stimulate the 
development of high technology. Between 1977 and 1985, the federal invest- 
ment tax credit allowed companies to claim 10% to 25% of their R&D 
expenditures. Since November 1985, this percentage has varied between 25% 
and 35%, depending on the size of the company and where the R&D work is 
carried out. 

Although this credit reduces the total amount of tax which 
would otherwise be payable, it must be added in the calculation of taxable 
income, just like an equipment grant. Therefore, the effect of the 
investment tax credit is diminished by the corporate tax rate. However, 
tax reform will suppress or limit some measures included in the investment 
tax credit. 


INDUSTRY RESEARCH AND DEVELOPMENT 


It is expected that the commercial sector will have carried 
Out approximately 55% of all R&D in Canada in 1988, which would make it the 
main executing sector. Industrial R&D expenditures, shown in Table 4, have 
increased regularly since 1979 and increased 250% between 1979 and 1988. 
However, the real growth is much lower than this figure. When the GDP 
price index is used to take inflation into account, the increase is only 
112%. Industrial R&D expenditures are expected to have attained their 
highest level in 1988, close to $4.5 billion. 
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In spite of the healthy increase in spending in this field, 
R&D iS generally still considered a secondary activity by Canadian 
industry. Most companies carry out no research at all; therefore, most 
industrial R&D in Canada is carried out by a small number of companies. Of 
the 3,414 companies that reported carrying out R&D in 1986, 25, or 1%, 
accounted for almost half of the R&D activity. Only 13 companies spent 
more than $50 million; 21 companies spent more than $25 million and 105 
companies spent more than $5 million. 


TABLE 4 


R&D EXPENDITURES IN THE INDUSTRIAL SECTOR 
(in millions of dollars) 


Current Dollars Constant Dollars 
1979 1,266 ed DL. 
1980 1,571 1,742 
1981 25225 23125 
1982 2,489 2,289 
1983 2,585 2,265 
1984 2,994 2,537 
1985 3,619 2,974 
1986 3,838 3,055 
1987 4,158 3,174 
19881 4,427 3,282 


1. Preliminary Data 


Source: Statistics Canada 


Because of this, R&D expenditures are also concentrated in 
certain areas of activity. Six main industries - telecommunications 
equipment, aircraft and parts, engineering and scientific firms, office 
machines, computer services, refined petroleum and coal products and other 
chemical products - account for 50% of all intra-mural R&D spending. It 
should be remembered that the federal government gives two of these 
industries most of the extra-mural funding. Over the past few years, these 
industries have maintained their domination of industrial R&D. The 
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telecommunications equipment industry alone accounts for 19% of all 
industrial intra-mural spending. : 

According to the statistics in Table 5, the distribution of 
industrial R&D funding sources has not changed greatly during the 1980s. 
The major source is still executing companies, which financed 65% of their 
own R&D activities in 1988, compared with 75% in 1980. Table A.7 in the 
Appendix illustrates that the proportion of self-funding a business may 
range from 19% to 99% depending on the industry. 


TABLE 5 


FUNDING SOURCES FOR INDUSTRIAL R&D 
(in millions of dollars) 


Canadian Other 
Executing Federal Provincial Canadian Foreign 
Company Government Governments Sources Sources Total 
1980 1,185 119 23 ‘53 91 Py i | 
1981 1,548 190 37 196 153 gy hes 
1982 1,706 266 44 £15 258 2,489 
1983 135612 281 40 236 416 2yO0n 
1984 1,817 336 43 290 508 2,994 
1985 2,347 383 50 357 482 3,619 
1986 2,464 409 54 386 515 3,828 
1987 Pe112 418 48 421 559 4,158 
19881 2,887 445 51 449 595 4,427 


1, Preliminary Data 


Source: Statistics Canada 


The second major Canadian source is the federal government 
with 11%; this figure has not changed since 1982. As seen in Table A.7, 
federal contributions vary greatly depending on the industry:. 19% of 
funding for engineering and scientific firms comes from the _ federal 
government, whereas the drugs and medication industry receives only 2%. 
The effect of these tax concessions on the public treasury is not included 
in these figures. ee) 


LIBRARY OF PARLIAMENT 
BIBLIOTHEQUE DU PARLEMENT 


is 


The importance of foreign funding sources for industrial R&D 
in Canada should not be overlooked. The large number of foreign firms in 
the manufacturing sector carried out 6% to 17% of the industrial research 
activities in Canada between 1980 and 1988. 

In a Conference Board of Canada(5) survey that asked 
companies what would affect their investing in R&D in 1989, 43.5% of the 
respondents stated that they believed federal policies could do so 
adversely. Some companies expressed disappointment with the federal 
government's current policy on technology; others were wary of tax reforms 
affecting R&D activities; still others said that the federal government was 
not putting enough emphasis on R&D. This partly explains why, according to 
the survey, the rate of increase for industrial R&D expenditures was 
expected to drop to 4.1% in 1989, down from 7.8% in 1988. It should be 
remembered that company decisions on R&D are also influenced by the 
government's defence, transport and communications policies, by national 
and international economic trends and by the financial situation of the 


companies themselves. 


FEDERAL SPENDING IN THE UNIVERSITY SECTOR 


The federal government plays a relatively minor role in 
university research. Of $1.7 billion in research funds given to Canadian 
universities in 1987-88, $539 million came from the federal government. 
Federal contributions are channelled through three funding agencies; the 
Natural Sciences and Engineering Research Council (NSERC), the Medical 
Research Council (MRC) and the Social Sciences and Humanities Research 
Council (SSHRC). The NSERC by far distributes most of the money to univer- 
sities. Even though federal contributions to university R&D increase year 
after year (except for the 1985-86 fiscal year), their share of total R&D 
expenditures has remained about the same at 21% annually on average (see 
Table 6). 


(5) J. Warda, R and D Qutlook 1989 - Research and Development in the 
Canadian Corporate Sector, Conference Board of Canada, 1988, p. 2-3. 


FEDERAL R&D EXPENDITURES IN THE UNIVERSITY SECTOR 
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TABLE 6 


(in millions of dollars) 


1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 

Grants 

Medical Research Council 98.1 122.6 137.4 140.9 145.6 48.6 

Health and Welfare Canada 8.0 8.0 8.2 8.3 9.1 8.8 

National Research Council 21.2 23.2 25.6 26.7 26.1 24.1 

National Sciences and 

Engineering Research 

Council 199.8 227.0 245.8 243.3 246.0 Bod 

Social Sciences and 

Humanities Research 

Council 28.3 30.4 Boe 28.8 30.9 30.8 

Others Ned Sel 2025 Zig 22.6 to-2 
Contracts 27.1 30.9 32.6 28.4 2029 25.8 
Bursaries 18.0 20.4 23.3 23.5 28.7 29.9 
TOTAL 411.2 472.2 525.6 521.8 oe hes. 39.4 
Source: Statistics Canada 

The goal of the government's policies and priorities in 


recent years has been to reinforce the 


integration of the university 


research system with the industrial research system in order to direct 
research and education towards the needs of industry. 

Thus, the government developed a strategy that partly links 
the level of public assistance to university research to the level of 
financial support received from industry. The three federal councils that 
fund university research have been receiving constant budgets since 1987, 
but with the possibility of receiving extra resources in proportion to the 
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amount allocated by the private sector. This “twinning of funds," which 
ends in 1991, should allow the three funding councils to distribute a 
maximum of $369 million per year. 


RESEARCH AND DEVELOPMENT IN THE UNIVERSITIES 


In universities, R&D is closely linked to the training of 
post-graduate students and iS an important responsibility of most 
university professors. Some institutions, investments and university staff 
members are exclusively devoted to R&D; however, R&D is generally 
inextricably linked to teaching. Because of this, it is impossible to draw 
up a list of all the R&D activities in this sector. Statistics Canada 
produces data by using a model based on estimates of time spent on this 
activity by university staff. 

The combined R&D expenditures of all Canadian universities 
are expected total $9.9 billion for 1988, a 92% increase from 1980 or 23% 
in real terms. 

Financially (see Table A.8 in Appendix), universities 
subsidize a good portion of their own R&D needs (39% of total expenditures 
compared with 48% in 1980). The amount allocated by the federal government 
(grants, contributions and research fellowships) rose from 29% to 34% 
between 1980 and 1987. This increase can be attributed in part to the drop 
in funding from the university sector itself. Canadian universities also 
receive unallocated funds, in accordance with federal-provincial funding 
agreements on post-secondary education. Part of these funds could go 
towards research, but they are not included in the figures in the table. 

More and more, business is funding research work in 
institutions of higher learning. This funding increased by 133% in nominal 
terms, or 61% in real terms, between 1980 and 1987. Despite this strong 
increase, business currently funds no more than 4% of all university 
research expenditures. 

This leads us to ask if basic research results in a given 
scientific. field can be easily transferred from one economic sector to 
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‘another. There still seems to be a large gap between industry and 
universities. Are the results of university research of interest to 
industry, and can industry use the work carried out by universities? 


COMMENTS ON THE FEDERAL INNOVATION POLICY 


The basic objective of innovation policies should be to 
reinforce R&D activities in order to improve the country's competitiveness 
and to foster the general well-being of the population. In this respect, 
government intervention can be justified at certain levels: 

- Where the government is the only or main regulatory body, as in defence, 
it is normal for it to make and encourage others to make technological 
advances in the interest of the community. However, this does not mean 
that the government alone should carry the burden of activities in these 
fields. It could also, and it does, involve other sectors by 
contracting out or buying research results. 

- If, because of related high costs and uncertainties, private laborato- 
ries are unable or unwilling to carry out research, the government 
Should try to fill in some of the gaps and remedy, at least to some 
extent, the market's inefficiency. It could also use various direct and 
indirect assistance measures to stimulate the other sectors in order to 
compensate for R&D under-investment. 

- Since business invests less than the optimal social level in basic 
research, the results of which cannot be predicted, the government 
strongly supports this kind of research. Once again, there is the 
possibility of transferring some of the R&D work to another executing 
agency, generally universities. 

Thus, even though government intervention is necessary, we 
cannot expect the government to be the sole source of assistance in some 
scientific and technological fields. We are trying to establish the 
appropriate level of federal intervention in R&D activities and the role to 
be played by other sectors. 

For both historical and political reasons, the federal 
government participates in almost every level of the innovation process. 
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Through federal laboratories, funding of university research, administering 
variouS programs to encourage technological development by industry, and 
its purchasing policy, the government has a major role in the scientific 
and technological field. 

Government innovation priorities have developed significant- 
ly over the last few years. Federal support has been redirected towards 
industrial research at the expense of other fields such as the environment, 
energy and health. Long-term research has been redirected towards areas 
that are likely to contribute the most to technological advances, and 
cooperation between universities and industry has been encouraged for the 
Same purpose. Thus, support for industrial research has been emphasized at 
the expense of R&D in government research facilities and universities. 

By transferring a portion of the amount allocated for its 
own R&D activities to industry, the government would solve the notorious 
shortage of industrial R&D resources. Some explain under-investment in 
industrial research as a result of the relatively important position 
attained by government research over the years, which has not encouraged 
private-sector industry to carry out R&D work. In other words, industry 
has come to depend on government assistance; since the objective of most 
government programs is to fund the R&D costs of industry, which only agrees 
to carry out R&D work if the government shares the associated expenses and 
risks. 

The rapid development of government measures to encourage 
industrial innovation in the last few years, coupled with increased efforts 
in the areas of regional development and small business, has produced a 
complex set of assistance measures and incentives that sometimes lacks real 
coherence and effectiveness. We have also seen efforts to expand the 
technological and scientific dimension of regional development policies. 
The main problem with this approach is the potential conflict between the 
needs of the regions and the national interests and effectiveness. 

Finally, stronger interest in industry has led to a drop in 
funding for research carried out in universities and federal scientific 
facilities. Combined with the budget cuts that have seen intra-mural 
departmental spending slashed, it has brought about a decrease in basic 
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research and led to the lively debate that is still being waged. Because 
the development of new technologies depends on continued scientific 
programs and the expansion of knowledge, Ought not basic research assume 
its rightful place? The characteristic feature of basic research is that, 
through innovation, the benefits it produces do not accrue to the executing 
agency alone. Basic research normally requires only a small investment; 
however, it entails considerable risks. Moreover, it is not, as a rule, 
carried out to respond to market needs. For this reason, some of the 
intra-mural R&D work carried out by federal departments and laboratories 
and universities should be coordinated with the industrial sector. 


CONCLUSION 


This study shows that the federal government acts in various 
ways in a number of sectors to encourage innovation and that the industrial 
and university sectors play an important role in research and development. 
A high level of fruitful technological innovation largely depends on 
coordinated action by government, industry and the post-secondary education 
sector. However, differences in attitude towards the respective roles of 
R&D-funding and R&D-executing make it difficult to determine the optimal 
level of commitment for each sector. The effort first made by the federal 
government in 1987 to obtain the views of various science and technology 
advisory committees should continue and be stepped up. A coordinated 
strategy and rationalized allocation of R&D would make it possible to 
increase innovation in Canada and at the same time make the country more 
competitive. 
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TABLE A.1 
TOTAL EXPENDITURES ON R&D (GERD) BY PERFORMING SECTOR, 1979-1988 


a a sme Se a a a a Rg a 


Federal Provincial Higher Business Private non-profit 
Bovernaent Governrents Education Enterprise Organizations SERD 


RSS SSE eR 


Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 


SS 


millions of dollars 


1979 682 B36 113 138 Shoes i,037aa 1i2beee ft ,55! 30 372,937 3,599 
1988 776 868 139 154 984 «1,891 1,571 1,742 j 39 «3,585 © 3,886 
1981 985 985 161 161 1,898 1,098 2,125 2,125 43 434,332 4,332 
1982 1,088 1,001 195 179 1,269 «1,167 2,489 2,298 49 S 5,999 4,683 
1983 ye SATS) 288 175.c5 1,35808 ol, 10396 -2,5050° 2,268 bg Sate cs. fi2, ese7as 
1988 1,387 1,175 205 17bp 143208 ol Zlib 2,978 2,587 7 bo 6,889 «5, Le 

1985 1071 geet, 127 212 174s 1, 52008 1,255 3,h195) 2,978 18 b4 6,887 «45,593 
1986 1,417 eye, 13! 215 172. 1,637 «1,386 ~=—-3,828 += 3,855 88 pe ree CUBE 
1987 (1) 1,398 1,967 219 167g cl,7bigh oi,344— 4,198) 3,174 95 i. Tybsle 5,875 
1988 (1) 1,320 978 228 169 1,893 1,483 4,427 3,282 182 76 7,978 5,986 


year-over-year percent change 


1979 - - - - - - - - - - - - 

1988 13.8 ros] 23.8 ties 16.3 es 24,1 2s 16.7 ae 19e3 6.8 
1981 16.6 aR 15.8 4,5 11.6 Q.7 3500 22.8 Zee 18.8 23.6 1.5 
1982 28.2 18.6 215) 11.4 1336 6.3 17.1 7.8 14.8 4,8 Hts 8.1 
1983 159 6.6 2.6 oe 6.4 133 oa9 =ist 22.4 16.7 6.3 Hons 
1984 14.8 18.2 Lad -0.9 6.1 2.6 15.8 12.8 18.3 14,4 1233 3.6 
1985 aay! -4,2 3.4 8.3 6.6 3.4 28.9 172 7.0 6.5 11,8 8.4 
1986 3.4 8.4 1.4 afl) 7.2 4,1 acu rq) ina 9.6 366 259 
1987 (1} Nas AS We} 266 7.6 fies | 8.6 ph 8.8 aE 6.2 1.6 
19BB (1) =350 -B.4 4.1 lel Ss) 4,4 6.5 3.4 7.4 4.8 4,4 1,4 

percent of GERD 

1979 23 § 29 43 1 188 
19898 22 4 28 45 i 188 
1981 21 4 25 49 i 138 
1962 21 & 25 49 | 108 
1983 22 4 29 48 i 198 
1984 23 3 24 49 i 138 
1985 28 3 22 33 i 198 
1986 28 3 23 93 ! 188 
1987 (1) 18 3 23 34 : 188 
1988 (1) 17 3 24 36 i 188 


rere denen gen Le nee ene ee 


1) Preliminary. 
Source : Statistics Canada. 
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TABLE A.2 
TOTAL EXPENDITURES ON R&D (GERD) BY FUNDING SECTOR, 1979-1988 


Federal Provincial Higher Business Private non-profit 
Government Governsents Education Enterprise Organizations Foreign GERD 


Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 


sillions of dollars 


979 1,829 1,261 212 268 417 511 1,888 1,333 108 123 8? 108 = 2,928 +3, 588 
988 WliSa ela? 252 279 471 FV Hil PAs bined ths: 189 121 188 111 «3,494 = 3, 874 
981 1,465 1,465 307 307 478 478 1,819 1,819 128 128 137 137 4,334 4,334 
982 ey ye 376 346 587 548 2,828 + «=—«1, 858 138 128 211 194 «5,898 «=, 683 
983 1,983 1,738 392 344 567 497 2,891 1,833 153 134 238 282 «5,416 4,787 
994 2,275 1,928 411 348 558 466 2,431 ~—-2, 868 168 142 256 217 6,891 «SS PRen 
985 2,289 1,881 431 354 594 488 2,721 2,236 288 164 295 242 6,532 5,366 


988 (1) Zey07 Vases 444 394 637 SBa" 9 82, 0519082, 2907 211 168 589 247 —s 6, B81 3,428 
987 (1) foe ie WH 8 475 363 688 O19 9°25 788°% 92,275 224 171 328 258 «=. 7, B72!) Byer 


year-over-year percent change 


979 = > = = <2 = — = - = = = = = 

988 15.2 4.0 18.9 is 1Wady 2a2 26.7 14,7 9.8 -1.4 22.8 18.3 19.3 8.8 
981 23.8 MW 21.8 29 iy “8.5 3159 19.8 17,4 ml 37.8 23.6 24.8 11.9 
982 28.9 18.9 22.0 lz. 22.8 13.8 {iid ay 1.6 -6.6 34.8 41,7 17.4 8.8 
583 12.3 7.8 4.3 -8.7 =354 -8.8 3.3 -1.4 7 12.1 9.0 3.8 6.4 1.4 
(984 14,7 18.9 4.8 1.4 -3.8 -6.2 16.3 12.4 9.8 6.2 he 7.6 12.5 8.7 
985 8.6 -2.4 4.9 Lei 8.8 4.7 11.9 8.5 19.8 15.4 15e2 17 Ts2 Ae 
986 (1) Sad a4 2.8 8.1 od 4.2 4. lel see Zee 4,7 iF 4.2 1.2 
987 (1) 0.7 eo) 7.8 Les 6.8 2.4 369 8.7 6.2 ii 6.1 1.3 4.8 -8.5 

percent of GERD 

1979 3 7 14 37 3 3 182 
1988 34 7 13 39 3 3 182 
198i 34 7 ii 42 3 3 188 
1982 35 7 12 48 3 4 182 
1983 37 7 18 39 3 § 188. 
1984 37 7 9 4Q 3 4 188 
1985 35 7 9 42 3 K) 188 
i9B6 {1) 35 7 9 42 3 v) 128 
1987 (1) 34 i 18 42 3 n] 188 


1) Preliminary. 
Source : Statistics Canada. 
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TABLE A.3 
FEDERAL EXPENDITORES ON RESEARCH AND DEVELOPMENT BY DEPARTMENT, 1964-1969 
{In sillions of dollars) 


SS 


Departnent 1984 1985 1986 1987 1986 1983 


Intraaural expenditures 


Agriculture 274 328 342 344 309 346 
Atonic Energy 113 124 i 131 198 19 
Bnergy, Mines and Resources 144 171 197 187 183 98 
Ravirongent 5 51 48 54 57 59 
Fisheries and Oceans 121 135 138 121 tl 125 
Defence 118 124 ee 128 13 142 
National Research Council 238 287 232 275 271 275 
Other 168 183 181 176 188 195 
Total, Intramural expenditures e2zte 38s dt? 6 L816 88h eal ecle 


Rxtrapural expenditures 


Agriculture 39 28 25 28 29 3 
Atomic Bnergy 8 8 5 20 18 1§ 
Rnergy, Mines and Resources 52 56 66 17 67 17 
Snvironrent 11 9 11 11 H i 
Fisheries and Oceans 6 4 a 7 7 , 
Defence 49 68 88 Q 98 126 
National Research Council 123 148 146 148 162 152 
Other 185 783 197 94] 951 989 
Total, extrapural expenditures 989 «861,188 1,142 1,184 1,213 1,481 


Total expenditures on R&D 


Agriculture 313 348 367 372 358 369 
Atomic Energy 121 132 123 151 126 95 
Bnergy, Mines and Resources 196 227 263 264 25 175 
Snvironrent 67 68 5 65 69 7 

Fisheries and Oceans 127 139 143 128 124 131 
Defence 159 192 218 221 237 268 
Wational Research Council 361 435 378 4} 433 427 
Other 873 966 S18 14at) mils) 1h 
TOTAL 29213 © 2,495. 92,5195 2,508 22,611 2,721 


a 


Source : Statistics Canada. 
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TABLE A.5 
FEDERAL EXPENDITURES ON RESEARCH AND DEVELOPMENT BY PERFORMER, 1988-1989 (1) 


Performing Sector 198) 1982 1983 1984 1985 1986 1987 {988P 1989P 


millions of dollars 


Antragural 788 O12) OTe 218) 1509 ale si 2 81h 4,098 i528 


Extraaural 688 767 B46 995 1,186 ile ase 1,162 1,194 i, 38! 
Industries 218 287 328 388 42} 468 479 48 622 
Universities 285 347 ii 478 320 324 eh 33 386 
Non-profit organizations ei il ii 24 21 18 17 1 23 
Provincial and municipal administrations 34 37 4 4 15 ii i 23 te 
Other in Canada r 18 {7 Ki 22 24 2 Z {7 
Foreign 49 67 83 94 184 89 98 93 114 

Total 1,388 1,679 1,939 Zyl 2,495 Z,oae 2,628 2,611 Dhee 


per cent of share by perforser 


Intrasural 56 94 36 nh 36 34 34 $4 49 
Extramural 44 4 44 45 44 45 45 a6 Si 
Industries 16 17 17 {7 17 19 {8 18 23 
Universities 21 21 21 2h Zi 21 Zi 21 22 
Non-profit organizations 1 i i i 1 i } i i 
Provincial and municipal administrations 2 fs i) g 1 2 1 i i 
Other in Canada 1 i 1 i 1 j i i { 
Foreign 4 4 4 4 ‘ 4 3 4 8 
Total 188 188 188 108 128 122 198 123 182 


ee 


year-over-year per cent change 


Intramural . 16.9 20.8 Lies 14.2 “152 re Slee Sale 
Extramural = 26.2 18.3 17.6 tye Lee 2a z.8 ioe 
Industries - RP ee ied 18.8 18.8 tle 2.4 3.4 Ps 
Universities = 21.8 18.4 14,4 ile -3,4 Dad 4,3 3.8 
Non-profit organizations SALT BBS Tlibs2m c1220 ea sOr8 11.8 vem 
Provincial and aunicipal administrations 2 BO mmeade 2 9:0) 279.8). o-26.7 98.9 OE. -4,3 
* Other in Canada Masi di ed 75,6 3550 -4,3 Rel lb. T 9.8 -15.8 
Foreign = 36.7 2539 133 18.6 -14,4 hea une 22.6 


t—] 
ed 
= 
Le) 


Total sg 21,8 ael5.S° RAI 1203 1.8 vy 
Ba Se eh ae a | 
P ; Preliminary. 

1} Beginning in 1983-84, figures are provided on a revised basis. 

Source : Statistics Canada. 
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TABLE A.7 
SOURCES OF FUNDS FOR INTRAMURAL RESEARCH AND DEVELOPMENT IN INDUSTRY, 1986 


a SR SRS RR A SR SS SR SR SR ER fe 


Canadian Federal Other Total 
Industries performing - govern- Canadian Foreign 
company ment sources sources 


in millions of dollars 
Mining, quarrying and oi] wells 


Mining 39 = a = 45 
Crude petroleum and natural gas 19 = zi = 37 
Total, aining, quarrying and oil wells 54 = 24 - Bb 
Manufacturing 
Food 19 3 3 1 88 
Rubber and plastic 17 i = = 23 
Textiles 33 1 = 1 36 
Wood 4 9 = = 22 
Paper and allied 63 3 = = 87 
Primary aetals 27 = : = oh 
Semi-transformed setal products 38 1 > = 88 
Metal fabricating 26 4 = = ARs 
Machinery 69 v) 12 1 8 
Aircraft and aircraft parts 217 125 g 18 368 
Other transportation equipment 92 5 i 5 ili 
Telecomaunication 328 6 = = 621 
Electronic products 24 4 2 = 3 
Other electronic products 187 63 19 21 298 
Office machines 108 8 3 113 228 
Other electric products 36 9 3 3 72 
Non-metallic mineral products iS 1 1 16 
REfined petroleum and coal products 148 = 3 = 147 
Pharmaceutical and sedecine products 84 2 1 16 193 
Other chemical products 145 3 8 4 162 
Scientific and professional equipment 4} 3 4 i 3 
Other manufacturing industries 31 4 3 = 49 
Total, manufacturing 1,885 266 214 439 Fae ye 
Services 
Transportation and related services 15! 6 2 = 142 
lectric utility 134 35 = = 182 
Coaputer related services oh) \7 65 2 198 
Scientific and engineering 186 68 108 39 313 
Other 118 \7 19 1 185 
Total, services 604 135 282 76 1,818 
Nace en NR ca a et ee i al 
Total, industrial aggregate 2,464 439 449 915 3,828 


a arirTIE EEE IEEE EERIE 


Source ; Statistics Canada. 
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TABLE A.8 
SOURCE OF FUNDS FOR R&D PERFORMED IN THE HIGHER EDUCATION SECTOR, 1976-1987 (1) 


Federal Provincial Higher Business Private non-profit 
Bovernment Governments Education Enterprise (2) Organizations Foreign TOTAL 


Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 Current $ $ 1981 


aillions of dollars 


1978 189 255 38 78 252 348 19 26 78 94 b 8 394 881 
$979 211i 259 68 74 276 338 22 it 77 94 7 9 633 822 
1988 278 388 96 186 471 922 38 3 91 181 9 9 974 1,282 
1981 353 353 115 119 478 478 34 34 184 184 18 18 1,894 1,894 
1982 393 362 142 131 987 348 29 ip 181 93 18 9 1,262 1,16! 
1983 457 481 133 134 967 497 32 28 121 186 i 18 1,341 iiss 
1984 oa 438 169 143 308 466 45 38 133 {i3 il 9 1,425 {,288 
{985 316 424 181 149 994 488 68 49 162 133 9 7 1,022 1,231 
1986 {3} 954 442 191 132 637 388 64 a1 174 i39 9 7 1,629 1,338 
1987 (3) 992 452 285 136 688 519 79 3 186 142 18 8 1,743 1,331 
year-over-year percent change 

1978 = = = = “ . = “ = _ * * = = 

1979 11.6 1.6 354 Sepa! 7.0 -0.6 19.8 ou8 18.8 2.3 16.7 175 939 “3,1 
1988 31.8 tod 69.8 44.7 70.7 94.4 36.4 23.4 18.2 6.9 14.3 3.4 49.2 34,9 
198i 27.8 14,5 19.8 8.1 15 -8.9 i355 2.2 14,3 3.1 25.8 12.8 12,3 1.3 
1982 if.3 2.4 23.9 13.6 22.8 13.8 =1457 Wrz. <2n% “18.7 8.8 -8.8 13.4 6,4 
1983 16.3 18.8 Ley: 2.6 =J.8 -8.8 18.3 vee 19.8 14,1 18.9 4.8 6.3 ied 
19B4 13.1 9.4 18.5 6.8 -3.8 =i 2 48.6 36.8 7.9 6.3 8.3 =303 6.3 2.8 
1985 -8.2 ere 7.1 3.8 8.8 4,7 O550 £720 ¥i.8 18.1 -18,2 -28.7 6.8 3.6 
1986 (3) 7.4 4,3 3.9 2.3 ty 4,2 6.7 3.6 7.4 4,3 8.8 lhe 7,9 4.8 
1987 (3) 6.9 252 oa 257 6.8 2.1 9.4 4.6 6.9 rae! id 6.3 7.8 ise 

percent of GERD 

1978 32 18 42 3 12 i 188 
1979 32 : 42 3 12 i 128 
i988 29 18 48 3 7 1 188 
1981 AY 4 it 44 3 18 i 120 
1982 31 ii 47 2 8 i 188. 
1983 34 il 42 2 9 i 18? 
1984 36 12 39 3 9 1 128 
1985 34 12 39 s 11 ! 188 
1986 (3) 34 12 39 4 \1 { 183 
1987 {3) es oar | 12 39 § i! i 188 


1) Beginning in 1988, a revised estimation procedure was employed. 
2) Natural Sciences and Engineering only. 
$) Preliminary. 
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